Introduction
============

Although laryngeal squamous cell carcinoma (LSCC) accounts for only 2% of all types of cancer, this disease continues to be considered one of the major causes of cancer-associated mortality worldwide ([@b1-ol-0-0-10150]). Occurrence of LSCC is affected by various internal and external factors, and previous studies confirmed that human papillomavirus infection is associated with a small proportion of LSCC cases ([@b2-ol-0-0-10150],[@b3-ol-0-0-10150]). Surgical resection is the preferred treatment for LSCC at early stages and treatment outcomes are generally satisfactory ([@b3-ol-0-0-10150]). However, a large number of patients with LSCC are diagnosed in advanced stages and prognosis of these patients is extremely poor even subsequent to appropriate treatment ([@b4-ol-0-0-10150]). Therefore, to further improve the survival rates of patients with LSCC, particularly patients with distant tumor metastasis, remains a major task for clinicians.

The Wnt/β-catenin signaling pathway is well characterized, with pivotal functions in the development of various types of malignancy, including LSCC ([@b5-ol-0-0-10150],[@b6-ol-0-0-10150]). Upregulated expression of β-catenin has been observed in cancer development and activated Wnt/β-catenin signaling has been demonstrated to be involved in almost all critical aspects of the growth and metastasis of malignancies ([@b7-ol-0-0-10150]). Numerous studies have demonstrated that Wnt/β-catenin achieves signal transduction through interactions with various signaling molecules, including long non-coding RNAs (lncRNA) ([@b8-ol-0-0-10150],[@b9-ol-0-0-10150]), which are a subset of non-coding RNAs composed of \>200 nucleotides that serve pivotal roles in tumorigenesis ([@b10-ol-0-0-10150]). Neighboring enhancer of FOXA2 (NEF) is a recently identified lncRNA with a role as a tumor suppressor in hepatocellular carcinoma ([@b11-ol-0-0-10150]). In the present study, lncRNA NEF inhibited proliferation and promoted apoptosis of LSCC cells by inhibiting Wnt/β-catenin signaling.

Materials and methods
=====================

### Subjects and specimens

At total of 98 patients with LSCC were diagnosed and treated at The First Hospital of Jilin University (Changchun, China) between January 2011 and March 2013. The present study included 62 of these patients according to inclusion and exclusion criteria. Inclusion criteria: i) Patients were diagnosed and treated for the first time; and ii) patients completed the whole treatment and follow-up procedure. Exclusion criteria: i) Patients received treatment prior to surgery; ii) patients were transferred to other hospitals during treatment; iii) patients with other types of cancer; iv) patients with other severe diseases; v) patients with incomplete clinical and follow-up data; and vi) patients succumbed to other diseases or accidents during follow-up. The patients included in the present study comprised 28 males and 34 females, and were aged between 21 and 68 years, with a mean age of 45.1±7.1 years. Tumor tissues, paired adjacent normal tissues and serum samples of these patients were available at the specimen library of The First Hospital of Jilin University and stored in liquid nitrogen at −195°C. The control group for this study included 48 healthy individuals who received routine physical examinations duirng the same time period. The control group included 22 males and 26 females, aged between 23 and 71 years, with a a mean age of 44.3±7.9 years. No significant differences in age, sex and other basic clinical data, including body mass index, blood glucose and blood pressure, were observed between patients with LSCC and controls. This study was approved by the ethics committee of The First Hospital of Jilin University, and all patients or their families gave written informed consent.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Following total RNA extraction from tumor tissues, paired adjacent normal tissues, serum samples and *in vitro* cultured UM-SCC-17A cells using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), RT was performed to synthesize cDNA using SuperScript III Reverse Transcriptase (Thermo Fisher Scientific, Inc.) under the following thermocycling conditions: 37°C for 25 min and 85°C for 10 min. Using cDNA as the template, PCR was performed in a 20 µl system, which was prepared using SYBR^®^ Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, Inc.). The following primers were used: lncRNA-NEF, forward 5′-CTGCCGTCTTAAACCAACCC-3′, reverse 5′-GCCCAAACAGCTCCTCAATT-3′; and β-actin, forward 5′-GACCTCTATGCCAACACAGT-3′ and reverse 5′-AGTACTTGCGCTCAGGAGGA-3′. The reaction conditions for PCR were: 70 sec at 95°C, followed by 40 cycles of 15 sec at 95°C and 35 sec at 59°C. Quantification cycle (Cq) values were processed using the 2^−ΔΔCq^ method ([@b12-ol-0-0-10150]) to normalize the expression of NEF for β-actin (endogenous control).

### Cell line, cell culture and cell transfection

The human LSCC cell line UM-SCC-17A was purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Cells were cultured with American Type Culture Collection (ATCC)-formulated Eagle\'s Minimum Essential Medium (cat. no. 30-2003; ATCC, Manassas, VA, USA), containing 10% fetal bovine serum (Sigma-Aldrich; Merck KGaA), in an incubator (37°C, 5% CO~2~). Full-length NEF DNA surrounded by *Eco*RI cutting sites was amplified via PCR (performed by Shanghai GenePharma Co., Ltd., Shanghai, China) and was inserted into linearized pIRSE2-enhanced green fluorescent protein vector (Clontech Laboratories, Inc., Mountainview, CA, USA) to construct a NEF expression vector ([@b11-ol-0-0-10150]). Prior to transfection, cells were cultured overnight to 80--90% confluence. Lipofectamine^®^ 2000 reagent (cat. no. 11668-019; Invitrogen; Thermo Fisher Scientific, Inc.) was used to transfect NEF expression vectors (15 nM) and empty vectors (15 nM) into 5×10^5^ cells. Untransfected cells were used as the control cells and cells transfected with an empty vector were used as negative control cells. Overexpression of NEF was confirmed by RT-qPCR prior to subsequent experiments, to make sure an overexpression rate of \>200% was reached (data not shown.). Cells were collected 24 h after transfection to perform subsequent experiments.

For treatment with Wnt agonist (a potent and selective activator of Wnt signaling; cat. no. sc-222416; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), cells were treated with Wnt agonist at a dose of 5, 10 and 50 ng/ml for 24 h at 37°C prior to use.

### In vitro cell proliferation assay

A Cell Counting kit-8 (CCK-8) assay was performed to detect the *in vitro* proliferative ability of UM-SCC-17A cells. Following transfection, cells were collected, washed with PBS and dissolved in ATCC-formulated Eagle\'s Minimum Essential Medium to generate suspensions with a cell density of 3×10^4^ cells/ml. Each well of a 96-well plate was filled with 0.1 ml suspension containing 3×10^3^ cells. Cell culture was performed in an incubator (37°C, 5% CO~2~). CCK-8 solution (10 ml, Sigma-Aldrich; Merck KGaA) was added at 24, 48, 72 and 96 h after the beginning of incubation. After a further 4 h at 37°C, optical density values were measured using Fisherbrand™ accuSkan™ GO UV/Vis Microplate Spectrophotometer (Thermo Fisher Scientific, Inc.) at 450 nm to detect cell proliferation rate. For Wnt agonist treatment, cells were subjected to Wnt agonist treatment at a dose of 10 ng/ml for 24 h at 37°C prior to use.

### Cell apoptosis assay

Cells were harvested and dissolved in serum-free medium to prepare cell suspensions (5×10^4^ cells/ml). A total of 10 ml cell suspension was transferred to each well of a 6-well plate. Cells were cultivated for 48 h and, subsequently, digested with 0.25% trypsin. Cells were stained with Annexin V-fluorescein isothiocyanate (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) and propidium iodide in the dark at room temperature for 20 min, followed by flow cytometry using a BD FACSCelesta™ Flow Cytometer (BD Biosciences, San Jose, CA, USA). Data were analyzed using FCS Express 6 Flow Cytometry Software (De Novo Software, Glendale, CA, USA). For Wnt agonist treatment, cells were subjected to Wnt agonist treatment at a dose of 10 ng/ml for 24 h at 37°C prior to use.

### Western blotting

Following total protein extraction using radioimmunoprecipitation assay solution (Thermo Fisher Scientific, Inc.), protein concentration was measured by bicinchoninic acid assay. SDS-PAGE (10% gel) was performed, with 30 µg protein loaded per lane, to separate proteins with different molecular weights. Gel transfer to PVDF membranes using an iBlot 2 Gel Transfer Device (Thermo Fisher Scientific, Inc.) was performed, followed by blocking with 5% skimmed milk for 1 h at room temperature. Subsequently, membranes were incubated with the following primary antibodies: β-catenin (rabbit anti-human; 1:2,000 dilution; cat. no. ab32572; Abcam, Cambridge, UK) and GAPDH (rabbit anti-human; 1:2,000 dilution; cat. no. ab9485; Abcam) overnight at 4°C. The next day, membranes were washed and incubated with goat anti-rabbit immunoglobulin G-horseradish peroxidase secondary antibody (1:1,000 dilution; cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA) for 2 h at room temperature. Signal development was performed using enhanced chemiluminescence (Sigma-Aldrich; Merck KGaA). β-catenin expression was normalized to GAPDH (endogenous control) using ImageJ v1.46 software (National Institutes of Health, Bethesda, MD, USA).

### Statistical analysis

All experiments were performed in triplicate. GraphPad Prism 6.0 software (GraphPad Software, Inc., La Jolla, CA, USA) was used for all statistical analyses. NEF and β-catenin, as well as cell proliferation and apoptosis data, were recorded as means ± standard deviation and compared by unpaired Student\'s t-test (between two groups) and one-way analysis of variance followed by least significant difference test (among multiple groups). A χ^2^ test was performed to analyze the association between serum NEF and clinicopathological data of patients with LSCC. Survival curves were plotted using the Kaplan-Meier method and further compared using log-rank test. Receiver operating characteristic (ROC) curve analysis was then utilized to evaluate the diagnostic value of serum NEF for LSCC with patients as true positive cases and healthy controls as true negative cases. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of NEF expression in tumor tissues and paired normal tissues in 62 patients with LSCC

Differential expression in tumor tissues and adjacent healthy tissues usually indicates the involvement of a certain gene in cancer. To investigate the involvement of NEF in LSCC, the expression of NEF in tumor tissues and paired normal tissues was detected in 62 patients with LSCC via RT-qPCR. As shown in [Fig. 1](#f1-ol-0-0-10150){ref-type="fig"}, downregulation of NEF in tumor tissue compared with in adjacent healthy tissue was identified in 50/62 patients (80.6%). Therefore, downregulation of NEF may be involved in the pathogenesis of LSCC.

### Comparison of levels of serum NEF in patients with LSCC and healthy controls, and the diagnostic value

The RT-qPCR experiments detected the existence of circulating NEF in the serum of 62 patients with LSCC and 48 healthy controls. Serum levels of NEF were significantly lower in LSCC patients than in healthy controls (P\<0.05; [Fig. 2A](#f2-ol-0-0-10150){ref-type="fig"}). ROC curve analysis was then utilized to evaluate the diagnostic value of serum NEF for LSCC. As shown in [Fig. 2B](#f2-ol-0-0-10150){ref-type="fig"}, the area under the curve was 0.8782 with a standard error of 0.03664 and confidence interval of 0.8064 to 0.9500 (P\<0.0001).

### Association between levels of serum NEF and clinicopathological data of patients with LSCC

A χ^2^ test was performed to analyze the association between serum NEF and clinicopathological data of patients with LSCC. As shown in [Table I](#tI-ol-0-0-10150){ref-type="table"}, levels of serum NEF exhibited no significant association with sex, age, smoking and drinking habits, and existence of distant tumor metastasis (P\>0.05). However, a significant association was identified between serum levels of NEF and tumor size (P\<0.05).

### Association between serum levels of NEF and postoperative survival

Tumor distant metastasis is a major cause of mortality in patients with LSCC. The data in [Table I](#tI-ol-0-0-10150){ref-type="table"} demonstrated that serum levels of NEF were not affected by the existence of distant metastasis. Therefore, follow-up data of all patients with LSCC were analyzed. Patients were divided into high (n=31) and low (n=31) groups according to the median serum level of NEF. Survival curves of these two groups were plotted using the Kaplan-Meier method and further compared using a log-rank test ([Fig. 3](#f3-ol-0-0-10150){ref-type="fig"}). The overall survival rate of the low expression group was significantly worse than that of the high expression group (P=0.0249).

*Effects of NEF overexpression on expression of β-catenin in the human LSCC cell line UM-SCC-17A*. The data in [Table I](#tI-ol-0-0-10150){ref-type="table"} suggested that NEF may be involved in the growth of LSCC. The Wnt/β-catenin signaling pathway serves a pivotal role in cancer growth by stimulating cancer cell proliferation and inhibiting apoptosis ([@b12-ol-0-0-10150],[@b13-ol-0-0-10150]). Therefore, the present study investigated the effects of NEF overexpression on β-catenin in the human LSCC cell line UM-SCC-17A. As shown in [Fig. 4A](#f4-ol-0-0-10150){ref-type="fig"}, NEF overexpression significantly inhibited the expression of β-catenin (P\<0.05). Conversely, following treatment with Wnt agonist (a potent and selective activator of Wnt signaling) at a dose of 5, 10 and 50 ng/ml, no significant effects on NEF expression (NEF expression levels were normalized to GAPDH as an endogenous control) were identified (P\<0.05; [Fig. 4B](#f4-ol-0-0-10150){ref-type="fig"}).

### Effects of NEF overexpression and Wnt agonist on cell proliferation and apoptosis of UM-SCC-17A cells

As shown in [Fig. 5A](#f5-ol-0-0-10150){ref-type="fig"}, NEF overexpression significantly inhibited the proliferation of UM-SCC-17A cells (P\<0.05). In addition, NEF overexpression significantly promoted apoptosis of UM-SCC-17A cells (P\<0.05; [Fig. 5B and C](#f5-ol-0-0-10150){ref-type="fig"}). However, Wnt agonist treatment at a dose of 10 ng/ml significantly reduced the effects of NEF overexpression on proliferation and apoptosis of UM-SCC-17A cells (P\<0.05; [Fig. 5A-C](#f5-ol-0-0-10150){ref-type="fig"}). The percentages of apoptotic cells in the control, negative control, NEF and NEF + Wnt agonist groups were 20.6, 20.66, 38.29 and 29.64% of the total number of cells, respectively.

Discussion
==========

Notably, the present study demonstrated that NEF, a recently identified lncRNA with characterized functionality only in hepatocellular carcinoma, may also inhibit the growth of LSCC ([@b11-ol-0-0-10150]). The action of NEF in LSCC may be achieved through interactions with the Wnt/β-catenin signaling pathway.

The onset, development and progression of LSCC are accompanied by changes in a large set of lncRNAs, and these lncRNAs exhibit upregulated or downregulated expression patterns, to perform their roles as tumor suppressor genes or oncogenes ([@b14-ol-0-0-10150]). HOX transcript antisense RNA (HOTAIR), a well-studied oncogenic lncRNA, also exhibits upregulated expression in LSCC tissues compared with in paired adjacent healthy tissues, and the upregulation of HOTAIR may distinguish LSCC patients with poor postoperative survival from those with good survival chances following treatment ([@b15-ol-0-0-10150]). Conversely, lncRNA RP11-169D4 is significantly downregulated in LSCC tissues, and upregulation of RP11-169D4 inhibits tumor metastasis ([@b16-ol-0-0-10150]). Downregulation of NEF has been observed in hepatocellular carcinoma ([@b11-ol-0-0-10150]). In the present study, the majority of patients with LSCC exhibited downregulated NEF expression in tumor tissues compared with in paired adjacent normal tissues. This suggested that downregulation of NEF may be involved in the pathogenesis of LSCC.

Pathological examination is the gold standard for the diagnosis of human cancer; however, the application of biopsy is occasionally limited by its invasive nature. The development of human disease is usually accompanied by changes in certain substances in the circulatory system, such as blood flow, and blood biomarkers are currently used in a number of aspects of cancer diagnosis ([@b17-ol-0-0-10150],[@b18-ol-0-0-10150]). In the present study, serum levels of NEF were significantly lower in patients with LSCC than in healthy controls. ROC curve analysis further confirmed that low serum levels of NEF may be used to effectively distinguish patients with LSCC from healthy controls. Therefore, measurement of serum levels of NEF may be performed to aid the diagnosis of LSCC in cases where biopsy is not applicable. However, changes in the expression pattern of NEF may also form part of other diseases. Therefore, diagnosis based on multiple factors should be performed to improve accuracy.

Tumor metastasis is a major cause of mortality in cancer patients ([@b19-ol-0-0-10150]). No significant association between serum levels of NEF and the existence of distant tumor metastasis in patients with LSCC were observed in the present study, indicating that NEF is unlikely to be involved in the metastasis of LSCC. This is inconsistent with the role of NEF in in hepatocellular carcinoma, where NEF is involved in the regulation of tumor metastasis ([@b11-ol-0-0-10150]), indicating the different pathogenic pathways of these two malignancies. Subsequently, a survival curve analysis was conducted, which included all 62 patients with LSCC regardless of distant metastasis. The survival curve comparison revealed that low serum levels of NEF were closely associated with poor postoperative survival of patients with LSCC, suggesting that serum levels of NEF may also serve as a potential prognostic biomarker for LSCC.

The χ^2^ analysis revealed that NEF expression was significantly associated with tumor size. Therefore, NEF is likely to be involved in the regulation of tumor growth. The *in vitro* cell proliferation assay demonstrated that NEF inhibited cancer cell proliferation and enhanced cancer cell apoptosis. Wnt/β-catenin signaling has been proven to be involved in almost all critical aspects of the growth and metastasis of malignancies ([@b7-ol-0-0-10150]). In the present study, NEF negatively regulated β-catenin, while no significant effects of Wnt agonist on NEF expression were observed; however, Wnt agonist attenuated the effects of NEF overexpression on proliferation and apoptosis of LSCC cells. Therefore, NEF may be considered an upstream inhibitor of Wnt/β-catenin signaling in the regulation of tumor growth in LSCC.

In conclusion, the present study demonstrated that NEF may act as a tumor suppressor lncRNA in LSCC, and NEF may inhibit the growth of LSCC by targeting the Wnt/β-catenin signaling pathway. This study also revealed that serum NEF may serve as a promising diagnostic and prognostic biomarker for LSCC. However, the sample size in this study is relatively small. More patients will be included in future studies to further confirm the conclusions of the present study.
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![Effects of NEF overexpression on expression levels of β-catenin in the human LSCC cell line UM-SCC-17A. (A) Effects of NEF overexpression on expression levels of β-catenin. (B) Effects of Wnt agonist on NEF expression in the human LSCC cell line UM-SCC-17A. NEF expression levels were normalized to β-actin (endogenous control). \*P\<0.05. C, control; LSCC, laryngeal squamous cell carcinoma; NC, negative control (empty vector transfection); NEF, neighboring enhancer of FOXA2.](ol-17-06-4928-g03){#f4-ol-0-0-10150}
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###### 

Association between levels of serum neighboring enhancer of FOXA2 and clinicopathological data of patients with laryngeal squamous cell carcinoma.

  Characteristic             Cases   High-expression   Low-expression   χ^2^   P-value
  -------------------------- ------- ----------------- ---------------- ------ ---------
  Sex                                                                          
    Male                     28      12                16               1.04   0.31
    Female                   34      19                15                      
  Age                                                                          
    \>45 years               33      15                18               0.58   0.45
    \<45 years               29      16                13                      
  Primary tumor diameter                                                       
    \>3 cm                   41      15                26               8.81   0.003
    \<3 cm                   21      16                  5                     
  Tumor distant metastasis                                                     
    Yes                      33      15                18               0.58   0.45
    No                       29      16                13                      
  Smoking                                                                      
    Yes                      22      9                 13               1.13   0.29
    No                       40      22                18                      
  Drinking                                                                     
    Yes                      29      16                13               0.58   0.45
    No                       33      15                18                      
